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1.1. A library of lysyl-tRNA synthetase inhibitors
In the search for therapies to address the emergence of anti-
biotic-resistant pathogens, new mechanisms continue to be
identiﬁed. Amongst potential antibiotic targets are the ami-
noacyl-tRNA synthetases. This class of enzyme catalyses
the speciﬁc addition of an amino acid onto a tRNA mole-
cule, and represents an attractive target for pharmacologi-
cal intervention.
Trypanosomatids constitute a family of protozoa responsi-
ble for disease in livestock and humans. These organisms
contain mitrochondrial-speciﬁc aminoacyl-tRNAs, a phe-
nomenon that does not occur in humans, and thus presents
a possible strategy for the discovery of new and speciﬁc
therapies against Trypanosomes. A recent publication de-
scribes the use of solid-phase supported combinatorial syn-
thesis of a library of lysyl-tRNA synthetase inhibitors.1doi:10.1016
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(1)Lysyl-tRNA synthetases recognise three substrates: lysine,
ATP and tRNA lysine. In the ﬁrst catalytic step, the
condensation of ATP and lysine generates lysyl adenylate,
an intermediate that remains tightly bound to the enzyme.
The library described in this work was designed to
mimic the lysyl adenylate complex (1) as it is bound 2 to
3 orders of magnitude more tightly than the substrates.
The library compounds (2) were composed of lysine and/j.comche.2008.07.001
rrett@ensemblediscovery.comthree diverse components attached to commercially avail-
able proline derivatives. The proline replaced the ribose
in the natural substrate. The acylphosphate group was
replaced by non-ionisable groups (R2) such as amides or
sulphonamides. There was a range of aromatic and hetero-
aromatic substituents (R3) mimicking the adenine and the
third component (R1) was derived from a carboxylic acid
or aldehyde.N
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OHIn the ﬁrst step of the synthesis, the proline derivatives were
immobilised on resin support, and subsequent chemistry
introduced the lysine derivative and the other positions of
diversity. Final products were cleaved from the resin by
treatment with TFA, and overall crude yields ranged
between 90 and 100%. The puriﬁed ﬁnal products were
screened in vitro for their ability to inhibit Trypanosoma
brucei lysyl tRNA synthetase. Of the 65 compounds
assayed, 15 demonstrated mild inhibitory activity at
100 lM, and the best of these (3) had a ﬁnal Ki value of
10 lM.
1.2. Sulphonanilide compounds as antiproliferative agents
Both epidemiological and animal studies have implicated a
role for nonsteroidal anti-inﬂammatory drugs (NSAIDs) as
chemopreventive agents. The suggestion that COX-2 inhi-
bition is integral to an anticarcinogenic eﬀect is founded
on the observation that prostaglandins generated by
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overexpressed in many human cancers. Animal studies
show that eﬃcient tumour growth requires COX-2 to be
present in the host, and that raised expression of COX-2
was suﬃcient to produce mammary gland tumour growth.
Inhibiting COX-2 by the use of regular NSAIDs can block
such activities and could explain their anticarcinogenic
eﬀects. In contrast, other evidence suggests that a COX-
2-independent mechanism may also be involved in the
antitumour eﬀect of these inhibitors.
Nimesulide (4) is a nonsteroidal anti-inﬂammatory drug
with COX-2 inhibitory activity, that can also produce
apoptosis in liver and lung cancer cells. Aromatase, which
is the critical enzyme for estrogen synthesis, is elevated in
hormone-dependent breast cancer, and it has been
shown that nimesulide suppresses aromatase activity and
expression in a number of breast cancer cell lines. To
further investigated these ﬁndings, a recent publication
describes how two targeted libraries of nimesulide ana-
logues have been prepared and their eﬀects on aromatase
studied.2
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OA total of 76 compounds were prepared in solution using
a parallel combinatorial strategy introducing diversity at
the four positions A through D. Compounds were as-
sayed for their ability to suppress of the growth of SK-
BR-3 breast cancer cells. Structure activity relationships
indicate that inhibition of breast cancer cell growth
ideally requires a hydrophobic group-substituted bulky
phenyl ring in the A position, a methanesulphonamide
in the C position, and a hydrophobic carboxamide moiety
at D. One of the best compounds discovered (5) demon-
strated an IC50 value for inhibition of cell growth of
1.38 lM.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A new submonomeric approach for the Fmoc solid phase
synthesis of chiral PNAs has been reported. The design
and synthesis of a new d-lysine-based Fmoc submonomer
obtained by replacing the nucleobase residue with an Alloc
group, compatible with Fmoc chemistry, is described start-
ing from d-lysine and Fmoc-aminoacetaldehyde.3
A method for the synthesis of cyclic polyamines based on
solid-phase chemistry has been reported. Linear poly-
amines have been synthesised stepwise on solid support
from the centre by repetitive alkylations at benzylic N-atoms. Cyclisations on the resins were eﬀected convention-
ally by direct intramolecular SN2 reactions between sulpho-
nyl-protected terminal amino groups and primary alkyl
bromides, or by intramolecular Mitsunobu reactions
between sulphonamides and primary alcohols.4
2.2. Solution-phase synthesis
A mild method for the synthesis of peptidomimetic 2-aryl-
amino 5-substituted 1,3,4-oxadiazoles from Boc-protected
a-amino acid derived hydrazides has been developed, and
applied in a parallel solution-phase synthesis. The opti-
mised reaction conditions involve a one-pot reaction of
Boc-protected amino acid hydrazides with arylisothiocya-
nates in the presence of either Hg(II) chloride, Mukaiy-
ama’s reagent (2-chloro-N-methylpyridinium iodide) or
polymer supported Mukaiyama’s reagent, with triethyl-
amine in dichloromethane at ambient temperature. The
1,3,4-oxadiazole products were obtained in good to excel-
lent yields without any detectable epimerisation.5
Amino-acid derived cross-conjugated trienes were used as a
starting point for the synthesis of a discovery library of
over 200 polycyclic 5-iminooxazolidin-2-ones, hydantoins,
and acylureas. The main feature of this library synthesis
is a triple branching strategy, which provides eﬃcient
access to ﬁve skeletally diverse scaﬀolds. The 5-iminooxaz-
olidin-2-one scaﬀold was rearranged into the isomeric
hydantoin scaﬀold through a sequence of ring-opening
and ring-closing reactions.6
2.3. Scaﬀolds for combinatorial libraries
The use of iodine–DDQ as a promoter for glycosylation of
Fmoc-Ser-OBn and Fmoc-Thr-OBn with phenylseleno
3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-d-galactopyranoside
in toluene–dioxane has given 49% and 73% yields respec-
tively of the corresponding a-glycosides as the sole glyco-
side products. Reductive acetylation of the azide groups
and cleavage of the benzyl esters by hydrogenolysis gave
building blocks that were used in solid-phase synthesis to
prepare triglycosylated tetrapeptides.7
2.4. Solid-phase supported reagents
In exploring selective extraction systems for use in environ-
mental remediation or in metal scavenging agents for use in
combinatorial chemistry, a novel reagent for the selective
extraction of copper(II) has been developed. 2-Quinoxalin-
ol salen ligands supported on an aminomethyl-polystyrene
resin have been shown to eﬃciently and selectively extract
copper(II) ions from organic solvents under a variety of
experimental conditions.8
2.5. Novel resins, linkers and techniques
An eﬃcient methodology for anchoring diverse carboxylic
acids to hydroxymethylated resins using di-tert-butyl dicar-
bonate as coupling reagent has been described. The reac-
tion is equally eﬀective for aromatic and aliphatic acids,
and Fmoc-protected amino acids.9
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synthesis and its applications while also trying to identify
areas critical for further development. In this context the
work of the Seeberger laboratory over the past 10 years
is reviewed.10
Click chemistry has been applied to immobilise mono-azi-
do-b-cyclodextrin derivatives onto the surface of silica to
give novel chiral stationary phases that showed high stabil-
ity and excellent enantioseparation eﬀects in capillary
electrochromatography.11
The SPOT technology can fulﬁl most requirements for
highly parallel, multiple peptide synthesis of soluble pep-
tides within the upper microgram range. An improved
method using hydroxymethylphenoxyacetic acid (HMPA)
for 19 amino acids and 4-(4-hydroxymethyl-3-methoxy-
phenoxy)-butyric acid (HMPB) for proline as acidic labile
linkers in SPOT synthesis has been described. This method
is ideal for synthesising many thousand diﬀerent peptides
subsequently used directly for biological assays requiring
authentic C-termini, such as CD8 T-cell epitope screening,
vaccine immunization, or tumour imaging.12
2.6. Library applications
Based on reported structures, a focused library of biaryl-
methyl derivatives bound to the nitrogen atom of a spiro-
piperidine has been designed. Systematic modiﬁcations
allowed the discovery of a synthetically feasible and highly
potent ORL1 antagonist which exhibits excellent selectivity
to l, j, and human ether-a-go-go related gene potassium
channel.13
Previously it has been demonstrated that 4-HPR, a syn-
thetic retinoid that targets cyclin D1, is a potential chemo-
therapeutic agent for rhabdoid tumors (RT). To facilitate
further chemical development of this retinoid, and to deter-
mine its active moiety, two recent papers describe how
small chemical libraries of 4-HPR were synthesised and
tested for use as a therapeutic agent against RTs and other
tumours.14,15
Human topoisomerase IB (hTopo) forms a covalent phos-
photyrosyl linkage with the DNA backbone, and controls
genomic DNA topology by relaxing supercoils during the
processes of DNA replication, transcription, chromosome
condensation and decondensation. A small library of aryl-
stibonic acids has been screened for their eﬀects on plasmid
supercoil relaxation catalyzed by hTopo. Despite the simi-
lar structures of the library compounds, some compounds
were found to be eﬀective competitive inhibitors, and
others, nonessential activators.16
A new type of glycoconjugate mimetic that combines a gly-
cocluster head group with a peptide part has been reported.
These ‘glycocluster peptides’ are designed to serve as
mimetics of glycocalyx constituents. A convergent syn-
thetic scheme was followed, consisting of (i) the synthesis
of a clustered carbohydrate head group carrying an amino
acid at the focal point, and (ii) the solid phase synthesis of
the peptide moiety.17The synthesis of a library of nonactic acid-derived triazol-
oamide derivatives and their evaluation as antimicrobial
agents has been described.18
A fragment-based lead discovery method that combines
site-directed ligand discovery with dynamic combinatorial
chemistry has been demonstrated. This technique targets
dynamic combinatorial screening to a speciﬁed region of
a protein by using reversible disulphide chemistry and
has been used to rapidly identify inhibitors of the drug tar-
get Aurora A that span the purine-binding site and the
adaptive pocket of the kinase.19
A series of amino acid anthranilamide derivatives identiﬁed
from a high-throughput screening campaign as novel, po-
tent, and glucose-sensitive inhibitors of human liver glyco-
gen phosphorylase a have been described. A solid-phase
synthesis using Wang resin was also developed to provide
eﬃcient access to a variety of analogues, and resulted in
the identiﬁcation of key structure–activity relationships.20
The synthesis and SAR, developed through an iterative
analogue library approach, of a mGluR5 allosteric partial
antagonist lead based on a 5-(phenylethynyl)pyrimidine
scaﬀold has been reported. With slight structural modiﬁca-
tions to the distal phenyl ring, analogues demonstrated a
range of pharmacological activities from mGluR5 partial
antagonism to full antagonism/negative allosteric modula-
tion to positive allosteric modulation.21
A multi-component reaction strategy was used for the fast
and eﬃcient synthesis of amide isosteres of known Bcl-2
inhibitors capable of disrupting protein–protein interac-
tions. The Ugi reaction and a subsequent nucleophilic
aromatic substitution reaction provides a versatile path
to libraries of compounds similar to Abbott’s acylsul-
phonamides.22References
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